Chemical
Equilibrium
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Chemical [c_)otential

 The Gibbs function has been shown to be:

G = i N 44
i—1

* And the condition for equilibrium takes the
form: G

C dG <0
dG | p= Q) udn, =0 (
i=1 dG =0

Number of moles n;




Ideal gas mixture

« The enthalpy and entropy of an ideal gas
mixture are:

H:iniﬁi(T) Szinigi(-r’pi)

* P, =Y;p IS the partial pressure of component |
(the pressure that component i1 will have If it
occupies the same volume as the mixture at the

same temperature)



The Gibbs function for a mixture of
Ideal gases

e For each gaseous species I that comprises
an ideal gas mixture at constant T and
constant P, we have:

Ei —hi -Ts

» Associate a sub-volume v; with each of the
C-components:

Tds = dui + pdvi = dsi o, ORIV

T Vi
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The Gibbs function for a mixture of

Ideal gases -
J - = dT —=dyvi
dsi =cCv

T Vi

e The individual volumes vi are the “internal
degrees of freedom’ which may adjust
themselves so that the system attains
equilibrium.

* An expression for the molar entropy can be
calculated for any ideal gas species occupying
volume vy, at some temperature T by integrating
that volume from some reference state.

CORNELL

RSN TV




The Gibbs function for a mixture of
Ideal gases

- - dT —=dv
i +R—
—ref T Vi
e Introduce vy; :the volume that a mole of
Isolated gas would occupy at some temperature

T and some reference pressure P,

—ref

e Integrate fromvi to vi; with constant T:

gi (gi)—gi (g:ef) = ﬁln v




The Gibbs function for a mixture of
Ideal gases _

- = — —ref — Vi
Si(Vi)=si(vi )=RIn—
Vi
 Since for an ideal gas:
g pref
|
—ref
Vi Pi
- — —  —ref _ pref . pref
° We Conclude Si (Vi)_Si (Vi ) =RlIn = RIn =
Y YiP
: . _ _pJiP
where, the partial pressure of component i is: =—RIn et
Pi=Y:P P
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The Gibbs function for a mixture of
Ideal gases

Yi P
ref

» Here p;i=yp Is the partial pressure of
component I — the pressure that the
component | will have at temperature T
occupying the mixture volume.

pV =nRT, p.V =ni§T :%:F':yi

si(T,P)=5i (T)=RIn
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Chemical Eotential of component i
u=0,(T,p)=hi(T)-Tsi(T, p)

G=>ng,T,p)



Chemical Eotential of component i

1 =hi(T)=-Tsi(T,P)

—hi(T)=T(s (T)=RIn2P)

ref

—hi(T)=Tsi (T)+RT In 22

ref

0 or 1. Ji P
= ¢, (T)+ RT In——(ideal gas only)

ref




Consider a general reaction

e For areaction given by:

v ,A+v,B=v.C+v,D

e The equation of reaction equilibrium Is:

) K(T) — yclj/i yl‘:/): ( p )VC+VD—VA—VB
— AG = In K(T) yA yB pref

—0 —0 —0 —0
RT AGO:Vc:gc"'VDgD_VAgA_VBgB

(computed at T and 1atm)




Exam,c_)le

« Consider the following gaseous reaction:
CO+H,0O - - H,+CO,

* Initially we have 2 moles of H,O and 1 mole of
CO.,.

 How many moles of oxygen exist at
equilibrium?

* If the reaction Is carried out at a different
pressure, how will the concentration of CO

vary?




Exam,c_)le

e \WWrite the reaction as a sum of 2 reactions!

CO+H,0 —— H,+CO,
CO+1/20, ——CO,
0 moles 0 moles 1 mole (initially)
2Y moles Y moles 1-2Y (at equilibrium)
H,O —— % 0,+H,
2 moles 0 moles 0 moles (initially)
2-2X moles X moles 2X (at equilibrium)
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ExamF_)Ie

* Note the mole fractions in the mixture
—CO: 2Y/(3+X+Y)
- CO,:(1-2Y)/(3+X+Y)
— H,:2X/(3+X+Y)
—0,: (X+Y)/(3+X+Y) Solve for x and y

—H,0: (2-2X)/(3+X+Y) |
-|—:th }’{ X;:Yj / B (“‘G}f—:{;u)
HO = —D +  Hs —.ﬁf_ 0 giﬁf}, -
co + 1o, = co, ﬂf_‘
ST
H,0 + CO = H, + CO, AGEg, — AT, =i (=)

!f+1r’)r'
+x+r 3+ X 1Y
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Exam,c_)le

e A gaseous mixture with a molar analysis

of 20% CO,, 40% CO and 40% O, enters a
neat exchanger and Is heated at constant
oressure. An equilibrium mixture of CO,,
CO, and O, exits at 3000 K, 1.5 bar.
Determine the molar analysis of the exiting
mixture.

0.2C0O, +0.4C0O +0.40, —» oCO, + CO + 50,




Examlc_)le

0.2C0O, +0.4CO +0.40, —» oCO, + CO +)0,

e On the basis of 1 kmol of initial mixture,
the reaction Is as above.

 \Writing equations for the quantities of
each element present reduces the
coefficients as follows:

C:02+04=a+f= p=006-«

0:2(0.2) +0.4+2(0.4) =2a+,8+27/:>1.6:2a+(0.6—a)+27:>7=1_7a
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ExamF_)Ie

0.2CO, +0.4CO +0.40, — aCO, + (0.6 — & )CO + (1_20002

e The amount of the mixture Is

n:a+(0.6—a)+(1_—aj: 2:2-a
2 2

o At equilibrium, this is just the dissociation
reaction for carbon dioxide;:
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